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IMAGE FORMING APPARATUS, CARTRIDGE, 
IMAGE FORMATION SYSTEM, 
AND STORAGE MEDIUM FOR CARTRIDGE 



5 FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to: an image 
forming apparatus such as a laser beam printer, a 
copying machine, fascimileing machine, etc., which 
employs an electrophotographic image forming method; a 

10 process cartridge mountable in said image forming 

apparatus; an image formation system for forming an 
image on recording medium with the use of said process 
cartridge, and a storage medium mountable in said 
process cartridge . 

15 Here, a process cartridge means a cartridge 

in which an electrophotographic photoconductive 
member, and a minimum of one processing means among a 
charging means, a developing means, and a cleaning 
means, are integrally disposed, and which is removably 

20 mountable in the main assembly of an image forming 
apparatus. It also means a cartridge in which a 
minimum of a charging means and an electrophotographic 
photoconductive member are integrally disposed, and 
which is removably mountable in the main assembly of 

25 an image forming apparatus . 

In an electrophotographic image forming 
apparatus such as a copying machine or a laser beam 
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printer, an image is formed through the following 
steps. That is, a beam of light is projected, while 
being modulated with image formation information, onto 
the electrophotographic photoconductive member, 
5 forming a latent image thereon, and the latent image 
is developed into a visual image by supplying the 
latent image with developer (toner) as recording 
material, by a developing means. Then, the visual 
image is transferred from the photoconductive member 
10 onto recording medium such as a piece of recording 
paper . 

For the simplification of maintenance, more 
specifically, in order to make it easier to replace a 
photoconductive drum, or replenish an image forming 

15 apparatus with a consumable such as toner, some of the 
image forming apparatuses of the above described type 
are structured to be compatible with a process 
cartridge, in which the combination of a toner storage 
and a developing mfeans, a photoconductive member, a 

20 charging means, and a cleaning means inclusive of a 

waste toner storage (container), etc., are integrally 
disposed, and which is removably mount able in the main 
assembly of an image forming apparatus. 

In the case of such an image forming 

25 apparatus as a color image forming apparatus having a 
plurality of developing means, each developing means 
may be different in the rate of wear from the other, 
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and in addition, the rates at which the 
photoconductive drums wear may be different from the 
rates at which the developing means wear. Thus, as a 
means for dealing with these problems, various process 
5 cartridges are created; for example, development 

cartridges, photoconductive drum cartridges, etc. In 
the case of the development cartridges, they are made 
different in the color in which they develop a latent 
image. In the case of the photoconductive drum 

10 cartridges, they comprise the combination of a 
cleaning means and a photoconductive drum. 

Further, some process cartridges are provided 
with a storage means (memory) in order to manage the 
information regarding them. For example, in the case 

15 of a process cartridge disclosed in U.S. Patent No. 
5,272,503, the amount of the cumulative cartridge 
usage is stored in the memory to alter the operational 
setting according to the amount of the cumulative 
cartridge usage; the amount of charge current is 

20 switched, or the amount of exposure light is adjusted. 
In the case of these process cartridges, they are 
controlled in the same manner, despite their 
differences, as long as they are the same in the 
amount of cumulative usage. 

25 In the case of Japanese Laid-open Patent 

Application 2001-117425 or 2001-117468, in order to 
extend the service life of the photoconductive drum of 



each process cartridge, the amount of the charge 
current to be flowed in the process cartridge is 
switched according to the properties of the cartridge 
and the information stored in the storage medium of 
the cartridge; the amount of the charge current is 
switched to the minimum value necessary to keep image 
quality at a preferable level. 

Incidentally, there are other methods for 
extending the service life of a photoconductive 
member. For example, a photoconductive member may 
increased in the thickness of its surface layer which 
reduces at a constant rate, or a harder substance m^y 
be used as the material for the surface layer, while 
keeping the photoconductive drum the same in the 
thickness of the surface layer. 

Further, the amount of the wear of a 
photoconductive drum can be reduced by modifying the 
charging sequence so that the charge voltage is not 
applied during the so-called sheet interval, that is, 
the interval between a sheet of recording medium and 
the following sheet of recording medium, that is, the 
interval between the process for forming an image on a 
sheet of recording medium and the process for forming 
an image on the following sheet of recording medium 
(Japanese Laid-open Patent Application 7-244419, 
etc. ) . 

However, in the case of the above described 
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conventional method in which a harder substance is 
used as the means for extending the service life of a 
photoconductive drum, a new substance must be 
developed from scratch, and evaluated. Therefore, 
5 this method requires a substantial length of time. In 
addition, if a harder substance is used as the 
material for the Surface layer of a photoconductive 
drum, the surface layer of the photoconductive drum is 
less likely to be shaved away. Therefore, the 

10 unwanted substances, more specifically, the by- 
products of the electrical discharge resulting from 
the charging of the photoconductive drum, having 
adhered to the surface layer are less likely to be 
shaved away. As a result, a defective image, which is 

15 defective in that it appears unfocused like an image 

of a body of flowing water, is sometimes produced. In 
comparison, the method in which a photoconductive drum 
is simply increased in the thickness of its surface 
layer, in anticipation of the shaving, has the 

20 following problems. That is, if the thickness by 

which the surface layer is coated oh a photoconductive 
layer exceeds a certain value, the ratio at which 
exposure light transmits through the surface layer 
becomes insufficient; in other words, the 

25 photoconductive drum becomes inferior in sensitivity, 
more specifically, in dot reproducibility, failing 
thereby to reproduce a minute spot or the like, which 
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in turn results in the formation of an image of lower 
quality. 

The method in which charge voltage is not 
applied during a sheet interval is definitely 
5 effective to reduce the wear on a photoconductive 

drum. However, it has the following problem. That 
is, while charge voltage is not applied, the portion 
of the peripheral surface of the photoconductive drum, 
which passes through the charging station while the 

10 charge voltage is not applied, reduces in potential 
level, becoming unstable in potential level. As a 
result, developer (which hereinafter may be referred 
to as toner) of the normal type, or the reversal type, 
adheres to this portion of the peripheral surface of 

15 the photoconductive drum. Consequently, the interior 
of the image forming apparatus is soiled. Further, in 
the case of an image forming apparatus in which the 
transfer roller remains in contact with the peripheral 
surface of the photoconductive drum, the transfer 

20 roller is soiled by the toner having adhered to the 
above described portion of the peripheral surface of 
the photoconductive drum, which corresponds to a sheet 
interval, and then, soils the following sheet of 
recording medium. 

25 

SUMMARY OF THE INVENTION 

The present invention is made to solve the 
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above described problems, and its primary object is to 
provide a combination of an image forming apparatus 
and a process cartridge, capable of reducing the 
amount of the shaving of a photoconductive drum, an 
5 image formation system for forming an image on 

recording medium with the use of said combination of 
an image forming apparatus and a process cartridge, 
and memory mountable in the process cartridge in said 
combination . 

10 Another object of the present invention is to 

provide a combination of an image forming apparatus 
and a process cartridge, capable of reducing the 
amount of the shaving of a photoconductive drum while 
maintaining image quality at a preferable level, an 

15 image formation system for forming an image on 

recording medium with the use of said combination of 
an image forming apparatus and a process cartridge, 
and memory mountable in the process cartridge in said 
combination . 

20 The above described objects of the present 

invention are accomplished by the combination of an 
image forming apparatus and a process cartridge, an 
image formation system for forming an image on 
recording medium with the use of the combination of an 

25 image forming apparatus and a process cartridge, and a 
memory mountable in the process cartridge in the 
combination. 
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The image forming apparatus in accordance 
with the present invention is an image forming 
apparatus in which a cartridge comprising an image 
bearing member and a charging member for charging the 
5 image bearing member is removably mountable, and which 
is characterized in that: 

the cartridge is provided with a storage 
medium having a first storage region for storing the 
information regarding the charge current to be flowed 
10 during a non-image formation period, and 

the main assembly of the image forming 
apparatus is provided with a control unit for 
switching the voltage applied to the charging member, 
in accordance with the information in the storage 
15 medium. 

The cartridge in accordance with the present 
invention is a cartridge which has an image bearing 
member and a charging member for charging the image 
bearing member and is removably mountable in an image 
20 forming member, and which is characterized in that: 

it is provided with a storage medium for 
storing the information regarding the cartridge, and 

the storage medium has a first storage region 
for storing the information regarding the charge 
25 current to be flowed during a non-image formation 
period. 

The storage medium in accordance with the 
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present invention is a storage medium which is mounted 
in a cartridge having an image bearing member and a 
charging member for charging tl>e image bearing member, 
and is characterized in that: 
5 it has a first storage region for storing the 

information regarding the charge current to be flowed 
during a non^image formation period. 

The image formation system in accordance with 
the present invention is an image formation system for 

10 an image forming apparatus comprising the main 

assembly and a process cartridge, which makes the main 
assembly of the image forming apparatus carry out a 
part of the image formation process, and is 
characterized in that: 

15 it comprises a storage medium to be mounted 

in a cartridge; 

the storage medium has a first storage region 
for storing the information regarding the charge 
current to be flowed during a non-image formation 

20 period; and 

it comprises a control unit which switches 
the amount of the voltage outputted to the charging 
member, in accordance with the information in the 
storage medium. 

25 These and other objects, features, and 

advantages of the present invention will become more 
apparent upon consideration of the following 



-10- 



description of the preferred embodiments of the 
present invention, taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of the process 
cartridge in the first embodiment of the present 
invention . 

Figure 2 is a sectional view of the image 
forming apparatus in the first embodiment of the 
present invention . 

Figure 3 is a graph showing the relationship 
between the total amount of the charge current and the 
amount by which the photoconductive member is shaved, 
in the first embodiment of the present invention. 

Figure 4 is a block diagram showing the 
control portion of the main assembly of the image 
forming apparatus, and the memory of the process 
cartridge, in the first embodiment of the present 
invention. 

Figure 5 is a block diagram showing the 
control portions of the main assembly of the image 
forming apparatus, and the information in the memory, 
in the first embodiment of the present invention. 

Figure 6 is a flowchart showing the operation 
of the image forming apparatus in the first embodiment 
of the present invention. 
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Figure 7 is a timing chart for the image 
formation sequence in the first embodiment of the 
present inventioh. 

Figure 8 is a graph showing the relationship 
5 between the cumulative number of the copies printed by 
the image forming apparatus in the second embodiment 
of the present invention, and the total amount of the 
charge current. 

Figure 9 is a block diagram showing the 
10 control portion of the main assembly of the image 
forming apparatus, and the memory, in the second 
embodiment of the present invention. 

Figure 10 is a block diagram showing the 
control portion of the main assembly of the image 
15 forming apparatus, and the information in the memory, 
in the second embodiment of the present invention. 

Figure 11 is a flowchart showing the 
operation of the image forming apparatus in the second 
embodiment of the present invention. 
20 Figure 12 is a graph showing the relationship 

between the data regarding photoconductive drum usage, 
and the amount of the charge current . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 Hereinafter, process cartridges, image 

forming apparatuses in which a single or plurality of 
process cartridges are removably mount able, image 
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formation systems employing a single or plurality of 
process cartridges, and memories mountable in a 
process cartridge, in accordance with the present 
invention, will be described in more detail with 
5 reference to the appended drawings. 
Embodiment 1 

First, referring to Figures 1 and 2, an 
example of an electrophotographic image forming 
apparatus in which a process cartridge structured in 

10 accordance with the present invention is mountable 
will be described. The image forming apparatus in 
this embodiment is a laser beam printer which outputs 
an image by receiving image formation information from 
a host computer, and in which a process cartridge is 

15 removably mountable in order to replace the 

photoconductive member in the form of a drum, that is, 
a photoconductive drum, having expired in service 
life, with a brand-new one, or to replenish the image 
forming apparatus with consumables such as developer. 

20 First, the image forming apparatus and process 

cartridge in this embodiment will be described with 
reference to Figures 1 and 2. 

The process cartridge C in this embodiment 
comprises a plurality of components as elements for 

25 carrying out the image formation process for the image 
forming apparatus in this embodiment. More 
specifically, the process cartridge C comprises: a 
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hdusing (cartridge shell), and a plurality of 
processing means integrally disposed in the housing. 
The processing means are: a photoconductive drum 1, 
that is, a photoconductive member in the form of a 
5 drum; a contact type charging roller 2 for uniformly 
charging the photoconductive drum 1; a development 
sleeve 5 as a developing means disposed in parallel to 
the photoconductive drum 1 so that its peripheral 
surface is positioned virtually in contact with the 

10 peripheral surface of the photoconductive drum 1; and 
a cleaning blade 10 as a cleaning means; etc. The 
housing comprises: a developer storage portion 
(developer container) 4 which rotatably supports the 
development sleeve 5 and contains developer T; and a 

15 waste toner holding portion (waste toner container) 6 
in which the residual toner is stored after it is 
removed from the photoconductive drum 1 by the 
cleaning blade 10. The process cartridge C is 
removably mountable in the mounting means 101, shown 

20 in Figure 2, of an image forming apparatus, by a user. 

The development sleeve 5 of the developing 
means is a nonmagnetic sleeve with a diameter of 20 
mm. It comprises an aluminum cylinder, and a resinous 
layer formed on the peripheral surface of the aluminum 

25 cylinder by coating on the peripheral surface of the 
aluminum cylinder a resinous material which contains 
electrically conductive particles. In the hollow of 
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the development sleeve 5, a magnetic roll with four 
magnetic poles is disposed, although it is not shown. 
The developer regulating member in this embodiment is 
a piece of urethane rubber with a hardness of 68° 
5 (JIS), and is kept in contact with the development 
sleeve 5 so that the contact pressure between the 
developer regulating member and development sleeve 5 
remains in the range of 30 - 40 gf/cm (contact 
pressure per 1 cm in terms of lengthwise direction of 

10 development sleeve 5). 

In this embodiment, the developer T stored in 
the developer storage portion (container) 4 is a 
single-component magnetic toner negative in inherent 
electrical polarity (which hereinafter will be simply 

15 referred to as toner). The ingredients of the toner 
are bonding resin, which is copolymer of styrene n- 
butyl acrylate (100 parts in weight), magnetic 
particles (80 parts in weight), negative charge 
controlling agent (2 parts in weight), which is mono- 

20 azoic iron complex, and wax (3 parts in weight), which 
is polypropylene with a small molecular weight. In 
production, these ingredients are melted and kneaded 
in the biaxial extruder heated to 140 °C, and cooled. 
Then, the cooled mixture is pulverized with a hammer 

25 mill. The pulverized mixture is further reduced in 
particle size with a jet mill. Then, the resultant 
product is sorted with air flow, obtaining such 
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developer that is 5,0 \ua in weight average diameter. 
Then, the developer with a weight average diameter of 
5.0 pm is mixed with 1.0 parts in weight of silica, 
that is, a hydrophobic substance, in the form of 
5 minute particles, with the use of a Henschell mixer, 
obtaining the developer T in accordance with the 
present invention. The weight average particle 
diameter of the developer T is in the range of 3.5 - 
7.0 |im (roughly 6 \*m) . 

10 When the gap between the photoconductive drum 

1 and development sleeve 5 is, for example, roughly 
300 >im, the development bias applied to the 
development sleeve 5 is the combination of a DC 
voltage of -450 V, and an AC voltage which is 

15 rectangular in waveform, 1,600 V in peak-to-peak 
voltage, and 2,400 Hz in frequency. 

There is a toner stirring means 8 in the 
developer storage portion, that is, the toner 
container 4. The toner stirring means 8 rotates once 

20 every six seconds, sending toner into the development 
range while loosening the toner T in the toner 
container 4. 

The charge roller 2 comprises a metallic 
core, and a layer of electrically conductive elastic 

25 material formed on the peripheral surface of the 
metallic core. It is rotatably supported by the 
lengthwise end portions of the metallic core, being 
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kept in contact with the peripheral surface of the 
photoconductive drum 1 so that a predetermined amount 
of contact pressure is maintained between the 
peripheral surface of the photoconductive drum 1 and 
5 charge roller 2. It is rotated by the rotation of the 
photoconductive drum 1. To the charge roller 2, the 
combination (Vac + Vdc) of an AC component Vac and a 
DC component Vdc is applied from the high voltage 
power source in an image forming apparatus 100, 

10 through the metallic core. As the result, the 

peripheral surface of the photoconductive drum 1, 
which is being rotationally driven, is uniformly 
charged by the charge roller 2 which is in contact 
with the photoconductive drum 1. In terms of peak-to- 

15 peak voltage, the AC component Vac is twice the 

threshold voltage for charging the photoconductive 
drum 1 . 

Mpre specifically, the charge bias applied to 
the charge roller 2 is the combination of a DC voltage 

20 of -620 V, and an AC voltage which is rectangular in 
waveform, 2 kV in peak-to-peak voltage, 1,800 Hz in 
frequency, and 1,600 pA in effective current value. 
As a result, th£ peripheral surface of the 
photoconductive drum 1 is charged to a potential level 

25 Vd of -600 V. As a given point of the charged portion 
of the peripheral surface of the photoconductive drum 
1 is exposed to a beam of laser light for exposure, 
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the potential level VL of this point reduced to -150 
V, and this point (with potential level of VL) is 
developed in reverse. 

The general structure of the image forming 
5 apparatus, or a laser beam printer L, in this 

embodiment is shown in Figure 2. The cylindrical 
photoconductive drum 1 as a member for bearing a 
latent image is rotated about its axle supported by 
the main assembly of the image forming apparatus 100, 

10 in the direction indicated by an arrow mark. After a 
given portion of the peripheral surface of the 
photoconductive drum 1 is uniformly charged by the 
charge roller 2, a latent image is formed on this 
portion by an exposing apparatus 3. Then, this 

15 portion of the peripheral surface of the 

photoconductive drum 1, across which the latent image 
having just been formed is supplied with the developer 
T, by the development sleeve 5 which is an essential 
part of the developing apparatus. As a result, the 

20 latent image is developed into a visible image. The 
development sleeve 5 is connected to a bias supplying 
power source (unshown) which applies the combination 
of a DC bias and an AC bias between the 
photoconductive drum 1 and development sleeve 5, so 

25 that a proper development bias is applied between the 
photoconductive drum 1 and development sleeve 5. 

The toner image on the photoconductive drum 
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1, that is, the image formed on the photoconductive 
drum 1 by visualizing the latent image with the use of 
the toner T through the above described steps, is 
transferred onto a recording medium 20, for example, a 
5 piece of recording paper, by a transfer roller 9. The 
recording medium 20 is fed into the main assembly of 
the image forming apparatus 100 by a feed roller 21, 
and is sent to the transfer roller 9 while its 
movement is synchronized with that of the toner image 

10 on the photoconductive drum 1 by a registration roller 
(unshown) and a top sensor 30. Then, the toner image, 
or an image formed of the toner T, is transferred onto 
the recording medium 20, and is sent, together with 
the recording medium 2, to a fixing apparatus 12. In 

15 the fixing apparatus 12, the toner image on the 

recording medium 2 is fixed to the recording medium 20 
with the application of heat and/or pressure, turning 
into a permanent image. Thereafter, the recording 
medium 20, which at this point is bearing the 

20 permanent toner image is discharged out of the main 

assembly of the image forming apparatus 100. The next 
recording medium 20 is fed into the main assembly of 
the image forming apparatus 100 with a predetermined 
timing, that is, a predetermined length of time after 

25 the passage of the preceding recording medium 20 by 
the top sensor 30 (after the scheduled ending of the 
formation of an image on the preceding recording 
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medium 20). Meanwhile the portion of the toner T 
which remained on the photoconductive drum 1 , that is, 
the portion of the toner T, which was not transferred, 
is removed by a cleaning blade 10, and is stored in 
5 the waste toner container 6. Thereafter, the portion 
of the peripheral surface of the photoconductive drum 
1, from which the residual portion of the toner T has 
been removed, is charged again by the charging 
apparatus 2, and is subjected again to the above 

10 described steps. 

Next, the storage medium, that is, the 
memory, for a process cartridge mountable in the above 
described process cartridge, will be described. 

In the case of this embodiment, the cartridge 

15 C is provided with a memory 22, and a transmitting 

portion 23 for controlling the process of reading the 
information in the memory 22 and the process of 
writing information into the memory 22. The memory 22 
and transmitting portion 23 are on the bottom portion 

20 of the inward surface of the waste toner container 6, 
so that when the cartridge C is in the proper position 
in the main assembly of the image forming apparatus 
100, the transmitting portion 23 of the cartridge C 
opposes the control portion 24 of the main assembly of 

25 the image forming apparatus 100. The control portion 
24 of the main assembly is to have the function of 
transmitting means, in addition to the controlling 
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f unction . 

As for the choice of the storage medium 
usable as the memory 22 in this embodiment, any of the 
ordinary electronic memorieis based on semiconductor 
can be used with no specific restriction. When a 
noncontact type memory, that is, a memory which uses 
electromagnetic waves for the data communication 
(reading or writing) between the memory and the 
reading/writing IC, is employed as the memory 22, 
there is no need for actual contact between the 
transmitting portion 23 of the cartridge C and the 
control portion of the apparatus main assembly, 
virtually eliminating the possibility that the data 
communication between the memory 22 and the 
reading/writing IC will fail because of the positional 
state of the cartridge C in the main assembly,, and 
therefore, assuring the data communication between the 
memory 22 and control portion 24. 

These two portions, that is, the control 
portion 24 and transmitting portion 23 constitute the 
means for controlling the processes of reading the 
information in the memory 22 and writing information 
into the memory 22. The capacity of the memory 22 is 
to be sufficient to store multiple sets of 
information, for example, the information regarding 
the identity of the cartridge C (which will be 
described later), the numerical values of the 



4 

-21- 

cartridge properties, etc. 

In this embodiment, the amount of the usage 
of the cartridge C is written into the memory 22, and 
stored therein, each time the cartridge C is used. 
5 There is no specific restriction regarding the terms 
in which the amount of cartridge usage is measured. 
In other words, the terms in which the amount of 
cartridge usage is measured is optional, as long as 
the amount of cartridge usage can be determined by the 

10 image forming apparatus. For example, it may be the 
length of time a given unit in the cartridge has been 
rotated, the length of time bias has been applied to a 
given unit in the cartridge, the amount of the 
remaining toner, the number of produced prints, the 

15 number of dots formed on the photoconductive drum 1 

for image formation, the cumulative length of time the 
laser of the exposing means is fired for the exposure 
of the photoconductive drum 1, the thickness of the 
photoconductive layer of the photoconductive drum 1, 

20 etc. Further, these factors may be employed in 
weighted combination. 

Prior to the shipment of each process 
cartridge from, for example, a factory, various values 
are assigned to each process cartridge to show the 

25 properties of the cartridge. These values are the 
parameters, based on which processing settings are 
adjusted. As for the types of cartridge properties to 
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which a specific value is assigned, there are 
production lot numbers for the photoconductive drum 1, 
toner T, development sleeve 5, or charge roller 2, the 
sensitivity of the photoconductive drum 1, the 
5 thresholds and coefficients of the arithmetic formulae 
weighted in accordance with the length of time the 
charge bias has been applied and the length of time 
the photoconductive drum 1 has been driven, etc. 

The processing settings are controlled based 

10 on the relationship between the above described set of 
values, and the sets of information in the memory 22. 
That is, calculation is made by the transmitting 
portion 23 of the cartridge and the control portion 24 
of the main assembly, using the information in the 

15 memory 22, and based on the results of the 

calculation, various signals are sent to each 
processing unit, to adjust the output of the high 
voltage power source, processing speed, amount of 
laser light, etc. 

20 Next, the controlling of the settings for 

image formation process, in this embodiment, will be 
described. 

In this embodiment, the charge roller 2 as a 
charging means is used in combination with a charging 
25 method in which an AC voltage is applied, in addition 
to a DC voltage, to the charging means. Therefore, 
positive and negative voltages are alternately applied 
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to the charge roller 2, causing electrical discharge 
to alternately occur in one direction and the reverse 
direction. The deterioration of the peripheral 
surface of the photoconductive drum 1, as the member 
5 to be charged, which is caused by this electrical 
discharge is substantial, and the deteriorated 
portions of the peripheral surface of the 
photoconductive drum 1 are shaved away by the friction 
between the photoconductive drum 1 and the members, 

10 such as the cleaning blade 10, which are in contact 
with the photoconductive drum 1. 

Thus, as the image forming apparatus is used, 
the photoconductive layer of the photoconductive drum 
1 gradually reduces in thickness. As the thickness of 

15 the photoconductive layer of the photoconductive drum 
1 reduces to a certain value (critical value: 
threshold value), the photoconductive layer becomes 
insufficient in photoconductivity. As a result, the 
photoconductive layer of the photoconductive drum 1 is 

20 reduced in charging retention capability. 

Consequently, it is improperly charged; for example, 
it becomes nonuniformly charged. Thus, the length of 
the service life of an image forming apparatus, and 
that of a process cartridge, can be defined as the 

25 number of prints which can be produced before the 
thickness of the photoconductive layer of the 
photoconductive drum 1 reduces below the critical 
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value (threshold) . 

It has been known, on the other hand, that if 
the amount of the electrical discharge is reduced to a 
certain value, an image, which has the so-called 
sands, that is, an area covered with minute black 
spots, is formed. In other words, it has been known 
that when the amount of the electrical discharge is 
reduced below a certain value, the electrical 
discharge is likely to become unstable. Incidentally, 
the "sands" means an area of an image covered with the 
unwanted black spots, the location of which correspond 
to the portions of the peripheral surface of the 
photoconductive drum 1, which was insufficiently 
charged because the amount of the electrical discharge 
between the charge roller 2 and photoconductive drum 1 
was smaller than a certain value. It has been known 
that an image suffering from the above described 
"sands" is more frequently formed, and the "sands" is 
more conspicuous, when the peak-to-peak voltage of the 
oscillatory voltage applied to the charge roller 2 is 
smaller than a certain value. 

Thus, in order to extend the service lives of 
an image forming apparatus and a process cartridge 
while maintaining image quality at a preferable level, 
it is necessary to employ a photoconductive drum 
having a photoconductive layer thick enough for the 
photoconductive layer to be able to keep a latent 
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image sharp; to prevent the formation of the "sands" 
traceable to an excessively small amount of electrical 
discharge between a charge roller and a 
photoconductive drum; and to adjust the amount of the 
5 electrical discharge to a proper value for reducing 
the amount of the deterioration of a photoconductive 
member. 

As for the method for controlling the voltage 
applied to a contact type charging member such as the 

10 charge roller 2, one of the conventional current 

controlling methods in which the amount of the current 
which flows from the charge roller 2 to 
photoconductive drum 1 is kept constant is used. 

The following are the results of the 

15 experiments carried out to study the relationship 

between the amount by which a photoconductive drum 1 
was shaved, and the total amount of the charge current 
which flowed from a charge roller 2 to the 
photoconductive drum 1. 

20 Figure 3 shows the relationship between the 

amount d (jam/print) by which a photoconductive member 
was shaved, and the total amount of the charge current 
1 total* Ii: is evident from Figure 3 that the smaller 
the total amount of the charge current 1-total' the 

25 smaller the amount by which the photoconductive drum 1 
is shaved. For example, when the total amount of the 
charge current was 1,600 pA, the amount by which the 
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photoconductive drum 1 was shaved per print was 0.0009 
pm. However, the amount by which the photoconductive 
drum 1 was shaved per print was reduced from 0.0009 pm 
to 0.00055 pm, by reducing the total amount of the 
5 charge current from 1,600 pA to 1,400 pA. 

Incidentally, the values of the thickness d 
of the photoconductive layer, in the graphs, are 
values obtained by actually measuring the 
photoconductive layers with the use of a film 
10 thickness measuring device (Permascope E-lll, Fischer 
Co. , Ltd. ) . 

Next, referring to Figures 4 and 5, the setup 
for controlling the memory 22, in this embodiment, 
will be described. 
15 Referring to Figure 4, the cartridge C is 

provided with the memory 22 and transmitting portion 

23, whereas the main assembly of the image forming 
apparatus is provided with the control portion (unit) 

24. The control unit 24 on the main assembly side 
20 comprises: controlling portion proper 25, an 

arithmetic portion 26, a photoconductive member 
rotation controlling portion 27, a detecting portion 
28 for detecting the length in time of the application 
of the charge bias, a charge, bias power source 29 for 
25 applying bias to the charge roller of the cartridge, 
etc. 

Shown in Figure 5 are the various data in the 
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memory 22. There are stored various data in the 
memory 22. In this embodiment, the data to be stored 
in the memory are at least the data X, which is the 
value of the charge current to be flowed while an 
5 image is formed, and the data Y, which is the value of 
the charge current to be flowed while no image is 
formed. 

Here, the benefits of writing the information 
regarding the amount of the charge current to be 

10 flowed from the charge roller 2, into the memory 22 of 
the cartridge C will be described. 

There are various rollers which can be used 
as the charge roller 2 of the cartridge C. Thus, the 
charge bias applied to the charge roller 2 must be 

15 adjusted according to the properties of the roller 
employed as the charge roller 2. Therefore, the 
cartridge C in this embodiment is provided with the 
memory 22, in which the charge current value matching 
the properties of the charge roller 22 can be stored. 

20 The provision of such a memory as the memory 12, in 
which the above described information is stored, is 
beneficial in that even if the present roller as the 
charge roller 12 is replaced with a roller of a 
different type, the value, in the memory 22, for the 

25 amount of the charge current can be rewritten so that 
the main assembly can read the new value to apply 
proper charge bias to the replacement roller as the 
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charge roller 22. 

The information to be stored in the memory 22 
may be the charge current value itself, or coded 
information which represents charge current value, 
5 The charge current value can be converted into one or 
two bits of data. Therefore, the storage capacity 
required of the memory 22 when storing the charge 
current value in the form of a code is much smaller 
than that required when the charge current value 

10 itself is stored. In other words, storing the charge 
current value, in the form of a code, makes it 
possible to reduce the storage capacity required of 
the memory 22. Incidentally, when the charge current 
value is stored in the form of coded information, the 

15 actual charge current values corresponding to the 

coded information of the charge current values are to 
be stored in the storage medium portion of the main 
assembly of an image forming apparatus. 

The memory 22 of the cartridge and the 

20 control portion 24 of the main assembly are set up so 
that the above described types of information can be 
exchanged between the memory 22 and the arithmetic 
portion 26 of the control portion 24. Calculation is 
made based on the information from the memory 22 and 

25 the information on the main assembly side, and the 
obtained data are referenced by the controlling 
portion proper 25. 
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Next, referring to Figure 6, which is a 
flowchart, the operation of the image forming 
apparatus in this embodiment will be described. 

As the operation of the image forming 
apparatus is started (Start), each of the following 
steps (S201 - S206) is carried out. 

S201: The power source of the main assembly of 
the image forming apparatus is turned on. 

S202: The control portion 24 of the main assembly 
reads the datum XI, which is the charge current value 
for the image formation period, and the datum Yl, 
which is the charge current value for the non-image 
formation period. 

S203: A print-on signal is transmitted from the 
controlling portion proper 25. 

S204: It is determined whether or not the 
apparatus is in the image formation period. 

S205: a charge bias in accordance with the datum 
X, which is the charge current value for the image 
formation period, is applied to the charge roller 2 
with a predetermined timing . 

S206: a charge bias in accordance with the datum 
Y, which is the charge current value for the non-image 
formation period, is applied to the charge roller 2 
with a predetermined timing. 

In other words, the control portion of the 
main assembly is programmed so that while the 
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apparatus is in the image formation period, it applies 
to the charge roller 2, a charge bias in accordance 
with the datum X in the memory 22, whereas when the 
apparatus is in the non-image formation period, it 
applies to the charge roller 2, a charge bias in 
accordance with the datum Y in the memory 22. 

A switching signal is transmitted to the 
charge bias power source 29, shown in Figure 4, from 
the controlling portion proper 25, whereby the amount 
by which the charge current is flowed is changed. 

This concludes the controlling operation 

(End). 

Next, referring to Figure 7 which is a timing 
chart for the charge current switching sequence, the 
timing with which the amount by which the charge 
current (AC voltage in primary charge bias) is flowed 
is switched, and the value of the charge current, will 
be described. 

First, the image formation period and non- 
image formation period, in Figure 7, will be 
described. The period between points in time TO and 
Tl is the pre-rotation period, in which the image 
forming apparatus is prepared for an image forming 
operation. As soon as the pre-rotation period ends, 
that is, as soon as the image forming apparatus 
becomes ready for an image forming operation, the 
period between the points Tl and T2, which is an image 
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formation period, begins. More specifically, this 
image formation period is the period starting from a 
point T (in time) at which a recording paper fed into 
the image forming apparatus to form an image thereon 
5 is detected by the top sensor (referential number 30 
in Figure 1) disposed on the upstream side of a 
photoconductive drum, in terms of the recording paper, 
to the point T2 (in time), at which the trailing end 
of the recording paper comes out of the nipping 

10 portion between the photoconductive drum and transfer 
roller. In other words, it is the period in which an 
image on the photoconductive drum is transferred onto 
the recording paper, that is, the period from the time 
at which the trailing end of the recording paper turns 

15 off the top sensor, to a predetermined length of time 
thereafter. The period from the points T2 to T3, 
which is an recording paper interval, is a period (of 
a predetermined length) from point T2 to the point T3 
(in time) at which the leading end of the next 

20 recording paper is detected by the top sensor. The 
period between the point T4 and the point T5 is a 
post-rotation period, that is, the period from the 
point T4 (in time) at which the trailing end of the 
recording paper comes out of the aforementioned 

25 nipping portion, and to the point T5 (in time) which 
is such a length of time that is necessary, after the 
point T4, for carrying out the post-image formation 
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process, in which the photoconductive drum is rotated 
a minimum of one full turn to uniformly reduce the 
electrical potential of the peripheral surface of the 
photoconductive drum. 
5 As described above, the timings with which 

the image formation period and non-image formation 
period are initiated are set by the point in time at 
which a recording pap^r reaches the top sensor. In 
this embodiment, their timings are set based on the 

10 signal from the top sensor. However, in the case of 
an image forming apparatus which is much faster in 
image formation speed, the operational timing may be 
set based on the signal from a recording paper 
detection sensor (unshown) disposed closer to the feed 

15 roller than the top sensor, instead of the signal from 
the top sensor. 

First, the timing with which the AC and DC 
(-) voltages of the primary charge bias, the AC and DC 
(-) voltages of the development bias, and the DC (+) 

20 voltage of the transfer bias, are applied, will be 
described. Further, the operational timing will be 
described by dividing the timing chart into five 
periods: (1)(2)(3)(4)(5), which can be classified into two 
groups: image formation periods ((2) (4)) and non-image 

25 formation periods ((1)(3)(5)). Here, the operational 
timings will be described in relation to the timing 
with which the AC voltage in the primary charge bias 
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is applied. Thus, compared to the point in time at 
which the AC voltage of the charge bias is turned on 
in the periods (2) and (4), the point in time at which 
the AC voltage of the development bias is turned on, 
5 and the point in time at which the DC voltage of the 
transfer bias is turned on, are deviated to the right 
side, by the lengths which correspond to the order in 
which they act on the peripheral surface of the 
photoconductive drum; the later in the image formation 

10 process, the further right in the timing chart. 

However, there are virtually no difference among the 
lengths of time they are kept on, because they all 
must be kept on for the length of time necessary for 
i mage f o rma t i on . 

15 First the image formation periods will be 

described. During the periods (2) and (4) which are 
image formation periods, and in which no image defect 
is allowed to occur, such an AC voltage that allows no 
image defect to occur, that is, such an AC voltage 

20 that causes the charge current to flow at a level of 
1,600 pA (lp) in Figure 7 in this embodiment, is 
applied. During these periods, the other biases 
(voltages) are applied at the same time as the AC 
voltage of the charge bias is applied. In other 

25 words, during these periods, a DC voltage of -620 V, 
which sets the potential level of the photoconductive 
drum, is applied to the charge roller 2; and the 
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combination of an AC voltage with a peak-to-peak 
voltage of 1,600 V and a frequency of 2,400 Hz # and a 
DC voltage of -400 V is applied as the bias for 
developing a latent image on the photoconductive drum, 
after the formation of the latent image on the 
photoconductive drum. This application of the 
development bias, that is, the combination of the AC 
and DC voltages is for creating a contrast, in 
potential level, of roughly 300 V between the exposed 
points of the portion of the peripheral surface of the 
photoconductive drum, across which the latent image 
has been formed through the exposure of the portion to 
the laser beam modulated with imaije formation 
information, and the DC voltage of the development 
bias, so that toner is adhered to the exposed points 
(Vd: -150 V). then, a DC voltage of roughly +1,500 V 
is applied as the transfer bias to the transfer roller 
to transfer this toner image, on the photoconductive 
drum, formed of negatively charged toner particles, 
onto the recording medium. The above described image 
formation process is the image forming process carried 
out during the normal image formation period. 

Next, the bias application timing for the 
non-image formation periods will be described. The 
non-image formation period means the periods (1) (pre- 
rotation period), (3) (sheet interval period), and (5) 
(post-rotation period). The level l p0 at which the 
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charge current is flowed during these periods is 
indicated by a bold line; such an AC voltage that 
causes a charge current of 1,400 yiA to flow is applied 
as the AC voltage of the charge bias, so that during 
5 these periods, a smaller amount of charge current 
flows than during the image formation period. In 
other words, even during these periods, the charge 
bias is kept on, but such an AC voltage that causes a 
smaller amount (level l p0 in Figure 7) of charge 

10 current than that which is flowed during the image 
formation period, to flow, is applied as the AC 
voltage of the charge bias; in the timing chart, the 
level at which the charge current is flowed during the 
non-image formation period is slightly lower than that 

15 during the image formation period. As will be evident 
from the above description, during the non-image 
formation periods which do not affect the quality in 
which an image is outputted, it does not matter if 
certain points of the peripheral surface of the 

20 photoconductive drum are charged insufficiently enough 
to produce "sands". Therefore, the charge current 
level is set as described above. However, even during 
the non- image formation periods, it is desired that 
the potential level of the peripheral surface of the 

25 photoconductive drum will converge to the potential 
level equal to the potential level of the DC voltage 
applied at the same time as the AC voltage, as long as 
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an AC voltage is applied as a part of the charge bias. 
Therefore, of course, even during the non-image 
formation periods, the AC voltage applied as the AC 
voltage of the charge bias is such an AC voltage that 
is at least twice the starting voltage, in peak-to- 
peak voltage. 

Next, each period will be described in 
detail. First, the period (1) will be described. 
This period is the period in which an image forming 
apparatus is prepared fpr an actual image forming 
operation. In this period, therefore, it is logical 
that such an AC voltage that causes the charge current 
to flow at a lower level l pQ (1,400 pA) than the level 
at which the charge cuirrent flows during the image 
formation period, is applied. There are two reasons 
for applying charging bias during this preparatory 
period. One is for making the potential level of the 
peripheral surface of the photoconductive drum 
smoothly converge to a predetermined value, by 
applying the DC voltage along with the AC voltage 
prior to the starting of the actual image forming 
step. Other is as follows. That is, in order to 
adjust the transfer bias (+DC) in response to the 
changes in the ambience so that a proper amount of 
transfer bias is applied regardless of the ambience, a 
predetermined amount of bias (+1,000 V in this 
embodiment) is applied to the photoconductive drum, 



-37- 

the potential level of the unexposed points of which 
is Vd, to adjust the amount of the transfer bias by 
the current which flows into the photoconduct ive drum. 
During the application of this bias, the polarity of 
5 the potential of the photoconduct ive drum reverses, 

and the peripheral surface of the photoconduct ive drum 
is charged to a potential level of roughly +500 V, 
that is, the difference between (transfer bias +1,000 
V) and the starting voltage. Therefore, the charge 

10 bias is applied to reverse the polarity of the 

peripheral surface of the photoconductive drum to 
negative so that the image forming operation will 
smoothly proceed from the pre-rotation period (non- 
image formation period) into the image formation 

15 period. 

In other words, the pre-rotation period is 
the period in which the potential level of the 
peripheral surface of the photoconductive drum is made 
uniform at a predetermined value so that the image 

20 formation period can be smoothly started. Thus, 

during the pre-rotation period, such an AC voltage 
that makes the charge current flow by the minimum 
amount necessary to charge the photoconductive drum to 
a predetermined potential level, is applied in order 

25 to reduce the amount of the frictional wear of the 

photoconductive drum, knowing that at this potential 
level, certain points of the peripheral surface of the 
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photoconductive drum are charged insufficiently enough 
to produce "sands". Incidentally, during this period, 
a DC voltage of 450 V is applied as the development 
bias. This is for reducing the contrast between the 
5 potential level of the photoconductive drum, which is 
-600 V, and the potential level of the development 
sleeve, in order to prevent the toner from adhering to 
the wrong spots of the photoconductive drum, that is, 
to prevent the toner from being wasted. 

10 Next, the period (3) (sheet interval) which 

is a non-image formation period will be described. 
Also in this period, which is unnecessary for image 
formation per se, such an AC voltage that causes 1,400 
jxA of charge current to flow is applied as the AC 

15 voltage of the charge bias. The AC voltage applied as 
a part of the development bias is turned off virtually 
at the same time as the AC voltage of the charge bias, 
in order to minimize the amount by which the 
developmental force is unnecessarily generated. The 

20 DC voltage as a part of the development bias is kept 
on as described before, being set at roughly -600 V, 
versus the DC voltage of 620 V as a part of the 
charge bias, in order to make it difficult for the 
contrast in potential between the development roller 

25 and photoconductive drum to generate the developmental 
force. Also during this period (3), a DC voltage of 
(predetermined voltage V t0 +1,000 V), versus the 
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potential level of the peripheral surface of the 
photoconductive drum, or roughly -600 V, is applied 
as the transfer bias. Moreover, this transfer bias is 
turned on upon arrival of the leading end of the 
5 recording medium at the transfer station, being 

adjusted to a proper level in consideration of the 
properties (electrical resistance) of the recording 
paper, in addition to the other factors. 

The period (5) is the period in which the 

10 photoconductive drum is rectified in potential level 
after image formation. In other words, all that is 
necessary to be accomplished in this period is to make 
the potential level of the photoconductive drum to 
settle at 0 V, and it is acceptable that certain 

15 points of the peripheral surface of the 

photoconductive drum are charged insufficiently enough 
to result in the formation of the "sands". The amount 
of the charge voltage applied during this period is 
also smaller than that applied during the image 

20 formation period; such voltage that causes 1,400 ]xA 
(level lpQ in Figure 7) of charge current to flow is 
applied. This period is characterized in that by the 
time this period ends, all the biases will have been 
turned off one after another. More specifically, 

25 first, the AC and DC voltages of the development bias 
are turned off, and then, the transfer bias is turned 
off. Lastly, the charge bias is turned off. As 
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described above, the objective to be accomplished in 
this period is to make the potential level of the 
photoconductive drum to converge to 0 V. In this 
period, therefore, the DC voltage of the charge bias 
is kept off, and the AC voltage of the charge bias is 
kept at such a level that the interaction of the AC 
voltage of the charge bias and the AC and DC voltages 
of the development bias prevents toner from adhering 
to the photoconductive drum. 

To describe in more detail the peak-to-peak 
voltage level l p0 of the AC voltage of the charge bias 
during this period, until the trailing edge of the 
portion of the peripheral surface of the 
photoconductive drum to which the transfer bias has 
been applied reaches the nipping portion between the 
photoconductive drum and charge roller, an AC voltage 
with a peak-to-peak voltage level of l p0 is 
continuously applied to make the potential level of 
the peripheral surface of th<* photoconductive drum to 
converge to 0 V. In other words, even outside the 
image formation period, the charge Current is 
necessary. Thus, keeping the peak-to-peak voltage of 
the AC voltage applied as a part of the charge bias at 
the lowest level is one of the very important points 
in extending the service life of a photoconductive 
drum. 

To apply, as the AC voltage of the charge 
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bias, such an AC voltage that causes the smallest 
amount of charge current necessary for keeping the 
potential level of a photoconductive drum at a level 
equivalent to the potential level (-600 V) of the 
5 properly charged (unexposed) portion of the 

photoconductive drum, keeping the contrast between the 
development bias and potential level of the 
photoconductive drum at such a level that makes it 
difficult for toner to adhere to the photoconductive 

10 drum, and preventing the unnecessary adhesion of toner 
to the photoconductive drum, to flow, is another of 
the very important points in extending the service 
life of a photoconductive drum. 

The above described image formation period 

15 corresponds to the period in which a photoconductive 
drum is in contact with a recording paper and/or an 
image is being formed on the photoconductive drum. 
The non-image formation period means the period in 
which no image is being formed on the photoconductive 

20 drum. 

As described above, in this embodiment, when 
an image forming operation proceeds from an image 
formation period into a non-image formation period, 
the charge bias is switched, in order to switch the 
25 amount of the charge current, making it possible to 

apply such a charge bias that minimizes the amount of 
the charge current, in accordance with the properties 
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of a given charge roller, while keeping image quality 
at a preferable level, extending thereby the service 
life of a photoconductive drum. According to one of 
the tests, a photoconductive drum of a certain type, 
the service life of which in terms of print count was 
estimated to be 15,000, could produce 18,000 prints, 
proving the effectiveness of the present invention. 

Also in this embodiment, a process cartridge 
is provided with a memory, and the information 
regarding the amount of the charge current of the 
charge roller in the process cartridge is stored in 
the memory. Therefore, even when the cartridge in an 
image forming apparatus is replaced with a cartridge 
different in charge roller properties from the one in 
the image forming apparatus, it is possible for proper 
charge bias to be applied based on the information in 
the memory of the replacement cartridge, making it 
possible to extend the service life of the 
photoconductive drum in the image forming apparatus, 
while maintaining image quality at a preferable level. 
Embodiment 2 

Next, the second embodiment of the present 
invention will be described. The image forming 
apparatus and process cartridge in this embodiment are 
the same in structure as those in the first 
embodiment. Therefore, they will not be described 
here, and only what characterizes this embodiment will 
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be described. 

In the first embodiment, the information 
regarding the properties of the charging means in a 
given process cartridge, and the amounts, by which 
charge current is to be flowed during an image 
formation period and a non-image formation period, are 
stored in the memory 22 of the given cartridge, and 
the information is transmitted to the main assembly of 
an image forming apparatus to make an image formation 
period different, in the amount by which the charge 
current is flowed, from a non-image formation period, 
in £>rder to reduce the amount by which the 
photoconductive drum is frictionally worn (shaved). 
This embodiment was proposed to further reduce the 
frictional wear of a photoconductive drum. 

The following are the results of the 
experiments carried out to study the relationship 
between the total amount of charge current flowed to 
prevent the formation of the "sands", and the 
cumulative number of the prints. 

Referring to Figure 8, it is evident that the 
relationship between the cumulative number of prints 
produced, and the total amount 1 total of the charge 
current which is necessary to prevent the formation of 
the "sands", changes in the ranges A and B in the 
graph. It is thought to be possible that the sands 
are formed by the interaction between a charge roller 
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2 and the thickness of the photoconductive layer of a 
photoconductive drum 1. 

In the range A in the graph, a charge roller 
is the dominant factor in the formation of the 
5 "sands". That is, a charge roller 2 is contaminated 
with the external additives for toner, reversely 
charged toner, and paper dust, being thereby changed 
in charging performance. As a result, the amount by 
which the charge current flows reduces. 

10 In the range B in the graph, a 

photoconductive drum is mainly responsible for the 
formation the "sands". That is, as a printing 
operation is repeated, the peripheral surface of the 
photoconductive drum is gradually shaved, reducing the 

15 photoconductive layer of the photoconductive drum in 
thickness. As the thickness of the photoconductive 
layer of the photoconductive drum reduces, the 
photoconductive drum reduces in impedance, increasing 
thereby the voltage to be applied to charge the 

20 photoconductive drum. Therefore, it becomes easier 
for electrical discharge to occur, reducing thereby 
the amount of the charge current . 

It is evident from the above description that 
in order to extend the service life of a 

25 photoconductive drum without lowering image quality, 
it is best to set the amount of the charge current to 
the minimum value, at which no image defect occurs, 
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based on the cumulative print count. What is 
necessary is to set the amount of the charge current 
in consideration of the conditions of the charge 
roller and photoconductive drum. With this 
arrangement, the frictional wear of a photoconductive 
drum can be further reduced. 

The thickness of the photoconductive layer of 
a photoconductive drum 1 is affected by the properties 
of the components of a given process cartridge, and 
the amount of their usage. In this embodiment, 
therefore: 

(1) A process cartridge C is provided with a 
memory 22, the amount of the cumulative usage of the 
cartridge C is calculated based on the cumulative 
length of time charge bias has been applied, and 
cumulative length of time the photoconductive drum 1 
has been driven, using an arithmetic formulae weighted 
in terms of these two factors. Hereafter, the amount 
of the cumulative usage of the cartridge C will be 
referred to as drum usage data. 

(2) The threshold of drum usage data, which is 
determined by the properties of a photoconductive drum 
1 and/or a charge roller 2, the coefficients of the 
aforementioned arithmetic formulae, and the cumulative 
amount of the actual drum usage, are stored in the 
memory 2 . 

(3) The amount of cumulative cartridge usage is 
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calculated based on the cumulative length of time the 
charge bias has been applied, which was measured by 
the main assembly of an image forming apparatus 100, 
and the cumulative length of time the photoconductive 
5 drum 1 has been driven, which also is measured by the 
main assembly of the image forming apparatus, and if 
the value obtained by the calculation reaches the 
threshold stored in the memory, the amount of the 
charge current is switched. With this arrangement, it 

10 is possible to properly charge a photoconductive drum 
by flowing the charge current by the minimum amount 
necessary to maintain image quality at a preferable 
level, extending thereby the service life of the 
phot oconduct i ve drum . 

15 Next, referring to Figures 9 and 10, the 

setup, in this embodiment, for controlling the memory 
will be described. 

Referring to Figure 9, the cartridge C is 
provided with a memory 22 and a transmitting portion 

20 23, whereas the main assembly of the image forming 

apparatus is provided with a control portion 24 which 
comprises: a controlling portion proper 25, a 
arithmetic portion 26, a portion 27 for controlling 
the photoconductive member rotation, a portion 28 for 

25 detecting the length of time the charge bias has been 
applied, a charge bias power source 29 for applying 
bias to the charge roller of the cartridge C, etc. 
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Figure 10 shows the types of information in 
the memory 22. There are various types of information 
stored in the memory 22. In this embodiment, at least 
the amount D of drum usage, the data (charge current 
value) XI for an image formation period, the data 
(charge current value) X2 for an image formation 
period, the data (charge current value) Yl for a non- 
image formation period, the data (charge current 
value) Y2 for a non-image formation period, the 
coefficients <J> fpr the arithmetic formulae for 
calculating the amount of the drum usage, and 
thresholds a for the amount of the drum usage, are to 
be stored in the memory 22. The thresholds and 
coefficients are affected by the sensitivity and 
material of a photoconductive drum 1, the thickness of 
the photoconductive layer of the photoconductive drum 
1 at the time of the drum manufacture, and the 
properties of a charge roller 2. Therefore, the 
values which match these properties are written into 
the memory 22 at the time of cartridge manufacture. 

The cartridge C and the main assembly of the 
image forming apparatus are designed so that the 
information in the memory 22 can be transmitted or 
received any time from the control portion 24 of the 
main assembly to the memory 22, and vice versa. The 
calculation is made based on these data in the memory 
22, and the data are referenced by the controlling 
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portion proper 25. 

Next, the method in this embodiment for 
calculating the drum usage data will be described. 
The cumulative amount D of the 
5 photoconductive member usage is calculated by the 
arithmetic portion 26, using a conversion formulae 
which contains a predetermined coefficient a for 
weighting (D=A+Bxa), based on the cumulative 
length B of time the photoconductive drum has been 
10 rotated by the portion 27 for controlling the 

photoconductive member rotation, and the cumulative 
length A of time the charge bias has been applied, 
which is detected by the portion 27 for detecting the 
length of time the charge bias has been applied. The 
15 value obtained through the above described calculation 
is added to the cumulative amount of the drum usage 
which has been stored in the memory. 

The calculation for obtaining the drum usage 
data is to be carried out each time the driving of a 
20 photoconductive drum 1 is stopped. 

Next, referring to Figure 11 which is a 
flowchart, the operation of the image forming 
apparatus in this embodiment will be described. 

As the operation of the image forming 
25 apparatus is started (Start), each of the following 
steps (S101 - Sill) are carried out. 

S101: The power source of the main assembly of 
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the image forming apparatus is turned on. 

S102: The control portion 24 of the main assembly 
reads the cumulative amount D of the drum usage stored 
in the memory 22, threshold a for cumulative length of 
drum usage, data XI and X2 regarding the amount of the 
charge current during an image formation period, and 
data Yl and Y2 regarding the amount of the charge 
current during a non-image formation period, which are 
in the memory 22 - 

S103: It is checked whether or not the cumulative 
amount D of the drum usage is greater than the 
threshold a. 

If the cumulative amount D of the drum usage 
is greater than the threshold a, the operation 
proceeds to a step "YES", that is, S104 2, whereas the 
cumulative amount D of the drum usage is smaller than 
the threshold a, the operation proceeds to a step 
"NO", that is, S104-1. 

S104: In this case, the cumulative amount D of the 
drum usage is smaller than the threshold a. 
Therefore, the charge current values in the data XI 
and Yl are used during an image formation period and a 
non-image formation period, respectively, in order to 
cause the charge current to flow by the amount equal 
to the amount by which the charge current is allowed 
to flow when a cartridge is used for the first time. 

S104-2: In this case, the cumulative amount D of 
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the drum usage is already greater than the threshold 
a. Therefore, the charge current values in the data 
X2 and Y2 are used during an image formation period 
and a non-image formation period, respectively, in 
5 order to cause the charge current to flow by the 

amount equal to the amount by which the charge current 
will be allowed to flow after the switching. 

Then, whether the image forming operation 
proceeds from S104-1 or S104-2, it proceeds to S105, 
10 in which a signal to start a printing operation is 
transmitted from the controlling portion proper 25. 

S106: The portion 27 for detecting the length in 
time of the photoconductive member rotation begins to 
measure the length in time of the photoconductive 
1 5 membe r rot a t i on . 

S107: The portion 28 for detecting the length in 
time of the charge bias application begins to measure 
the length in time of the charge bias application. 

S108: The controlling portion proper 25 reads the 
20 cumulative amount D of the drum usage, and the 
coefficient <|> for the arithmetic formulae for 
calculating the amount D of the drum usage. 

S109: The arithmetic portion 26 obtains the drum 
usage data, that is, the sum of the cumulative length 
25 of time the charge bias has been applied, and the 

cumulative length, weighted with the coefficient <|>, of 
time the photoconductive drum has been rotated. 
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obtained in S107 and S106, respe<ptively . 

S110: The controlling portion proper 25 
determines whether or not the calculated drum usage 
data has reached the threshold a in the memory 22. If 
5 it is determined "YES", the operation proceeds to 

Sill, whereas if it is determined "NO", the operation 
returns to S105 to repeat the steps S105 - SI 10. 

Sill: A switching signal is transmitted to the 
charge bias power source 29, shown in Figure 9, from 

10 the controlling portion proper 25, changing thereby 

the amount of the charge current. In this embodiment, 
as the value of the drum usage data reaches the 
threshold a, such an AC voltage that has been applied 
to cause the charge current to flow by 1,600 \xA (XI) 

15 during an image formation period is switched to such 
an AC voltage that causes the charge current to flow 
by 1,400 pA (Yl) during an image formation period, 
whereas such an AC voltage that has been applied to 
cause the charge current by 1,400 ]iA (Yl) during a 

20 non-image formation period is left unchanged. 

Incidentally, it is possible to reduce the 
storage capacity required of the memory 22, by storing 
in the memory 22 the coded charge current data, 
instead of a large volume of actual charge current 

25 data (charge current values themselves) regarding the 
minimum amount of the charge current for assuring that 
the charge current flowed during an image formation 
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period will not cause any image defect during an image 
formation period, while minimizing the frictional wear 
of a photoconductive drum. 

This concludes the controlling operation 

(End) . 

As described above, in this embodiment, the 
AC voltage applied as a part of charge bias is 
control led in accordance with the above described 
flowchart so that the charge current value will follow 
the solid line in Figure 12, making it possible to 
charge a photoconductive drum by flowing the minimum 
amount of charge current necessary to maintain image 
quality at a preferable level. Therefore, it is 
possible to extend the service life of a 
photoconductive drum while maintaining image quality 
at a preferable level. According to one of the tests, 
a photoconductive drum of a certain type, the service 
life of which in terms of print count was estimated to 
be 15,000, could produce 20,000 prints, proving the 
effectiveness of the present invention. 

In this embodiment, the amount of the charge 
current is switched only once. However, it may be 
switched multiple times, that is, in steps, in 
accordance with the properties of each charge roller. 
Further, the amount by which the charge current is 
flowed may be raised or lowered depending on the 
condition of each cartridge. Further, in this 
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embodiment , only one threshold is provided for the 
drum usage data. However, multiple thresholds may be 
provided. 

When multiple thresholds are provided for the 
drum usage data obtained with the use of the 
arithmetic formulae, the number of the thresholds (al, 
a2 • • • an) stored in the memory 22 is to match the 
number of the charge current values to which the mount 
of the charge current is switched. In such a case, 
th& number of the charge current values X for an image 
formation period, and the number of the charge current 
values Y for a non-image formation period, which are 
stored in the memory 22, are to be greater by one than 
the number of the thresholds a stored in the memory 
22. The memory 22 and the main assembly of an image 
forming apparatus are set up so that these data are 
transmittable between the memory 22 and the arithmetic 
portion 26 of the control portion 24 of the main 
assembly. Calculation is made based on these data, 
and the data obtained by the calculation is referenced 
by the controlling portion proper 25. 

Incidentally, in the case of a flowchart for 
an image forming operation in which the charge current 
is switched multiple times, it is checked first 
whether or not the amount D of the drum usage is 
greater than the threshold al. If it is greater, the 
amount of the charge current is switched to the second 
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ch&rge current value, and if it is not, the operation 
goes back to S105 and the steps S105 to SI 10 are 
repeated. In other words, the arithmetic process 
framed by the bold line in Figure 11 is repeated by 
5 the number of times equal to the number of thresholds 
a (al - an). At the end of the repetition, a 
switching signal is transmitted to the charge bias 
power source 29, shown in Figure 9, from the 
controlling portion proper 25, to switch the amount of 
10 the charge current to one of the values in the bias 
table stored in advance in the controlling portion 
proper 25. 

This concludes the controlling operation 

(END) . 

15 As described above, according to this 

embodiment, the amount by which the charge current is 
flowed is switched between an image formation period 
and a non-image formation period, in accordance with 
the condition of a process cartridge (cumulative 

20 amount of drum usage) so that the minimum amount of 
charge current necessary to keep image quality at a 
preferable level is flowed. Therefore, it is possible 
to extend the service life of a photoconductive drum, 
in other words, the service life of a process 

25 cartridge, while keeping image quality at a preferable 
level . 

More specifically, according to this 
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embodiment of the preseht invention, a process 
cartridge is provided with a storage medium (memory), 
and such information as the properties of the charging 
means in the process cartridge and the charge current 
5 values in accordance with these properties is stored 
in the storage medium (memory). Therefore, it is 
possible to easily extend the service life of a 
process cartridge while keeping image quality at a 
preferable level. In other words, according to the 

10 present invention, it is possible to provide the 

combination of a process cartridge, the service life 
of which can be easily extended while keeping image 
quality at a preferable level, an image forming 
apparatus in which such a process cartridge is 

15 removably mount able, and an image formation system 
capable of extending the service life of such a 
process cartridge. 

Also according to this embodiment of the 
present invention, it is possible to provide a storage 

20 medium (memory) mountable in a process cartridge to 
store the information regarding the amount by which 
charge current is to be flowed, and capable of 
transmitting the information therein to the main 
assembly of an image forming apparatus. 

25 As described above, according to the above 

described embodiments of the present invention, the 
setting for charging a photoconductive drum during an 
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image formation period is made different from that 
during a period other than an image formation period, 
making it possible to reduce the shaving of a 
photoconductive drum without effecting an image 
5 defect. 

More specifically, a controlling means is 
provided for changing the amount, by which the charge 
current is to be flowed, between an image formation 
period and a period other than an image formation 

10 period, based on the information stored in the storage 
medium (memory) of a process cartridge, making it 
possible to set the amounts, by which charge current 
is to be flowed during an image formation period and a 
non-image formation period, to the minimum values 

15 necessary to keep image quality at a preferable level, 
in accordance with the information regarding the 
cartridge properties, that is, the properties of the 
charging means in the cartridge. Therefore, it is 
possible to always form an excellent image while 

20 minimizing the frictional wear (shaving) of the 
photoconductive member. In other words, it is 
possible to extend the service life of a 
photoconductive member without changing the material 
for a photoconductive drum, and the thickness of the 

25 photoconductive layer of the photoconductive drum. 

This means that according to the embodiments of the 
present invention, a photoconductive member can be 
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reduced in the thickness of its photoconductive layer, 
while providing the phot ©conductive member with the 
same specifications (service life of same length) as 
those of a photoconductive member in accordance with 
5 the conventional arts, making it possible to not only 
reduce the cost of $ photoconductive drum, but also, 
to form a sharper latent image which effects a better 
image than an image formed with the use of a 
photoconductive member in accordance with the 

10 conventional arts. 

In the above described embodiments, the 
information to be stored in the memory of a cartridge 
was the values for the charge current to be flowed 
during an image formation period and a non-image 

15 formation period. However, the information to be 

stored in the memory does not need to be limited to 
the above described one. For example, the values for 
the charge voltage instead of the values for the 
charge current may be stored, which is obvious. 

20 Further, the above described information may 

be stored in code in the storage medium. By coding 
the above described information, the size of the 
region of the storage memory required for storing the 
above described information can be substantially 

25 reduced, making it possible for the storage medium to 
store the information other than the above described* 
and therefore, it is possible to execute a wider range 
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of control. 

While the invention has been described with 
reference to the structures disclosed herein, it is 
not confined to the details set forth, and this 
application is intended to cover such modifications or 
changes as may come within the purposes of the 
improvements or the scdpe of the following claims. 



